Introductions
Regular physical activity is strongly associated with better physical and psychological health outcomes, and the promotion of physical activity is now a high public health priority. 1 To develop relevant policies and effective interventions, it is necessary to identify the factors that can be changed to influence physical activity behavior. 2 Such factors have been classified within seven domains: demographic and biological, psychological, cognitive and emotional, behavioral attributes and skills, social and cultural, physical environmental, and physical activity characteristics (perceived effort and intensity).
2 and 3 Within these classes of factors, physical environment attributes are a new topic of research interest 4 and are being addressed by policymakers and program providers. 5 However, environmental attributes are among the least understood of the known influences on physical activity. Their conceptualization and measurement comprise a relatively new area of research. 5, 6 Applications of health behavior theories to physical activity have identified roles for environmental influences, most often in terms of "barriers," "facilitating conditions," or "contextual influences." 7 Bandura's 8 social cognitive theory provides an account of the interactions of environmental, personal, and behavioral factors. The relative influence exerted by these three sets of interacting factors varies for different activities, different individuals, and different circumstances. Bandura argues that when environmental attributes exercise powerful constraints on behavior, they emerge as the over-riding determinants. Environmental attributes, in the case of physical activity, may be particularly influential.
Sallis and Hovell 9 developed a social cognitive model of physical activity behavior, emphasizing the role of environmental attributes, within a context where multiple determinants interact at several levels. "Ecological" models of health behavior provide accounts of the interaction of people with multiple levels of determinants within their physical and sociocultural environments. 10, 11 Given the inherent complexities of ecologic frameworks, behavior-specific models have been proposed. 4, 6 Applied to physical activity, 4, 5, 6 such models aim to provide an integrated account of the complex patterns of possible determinants.
A central focus of ecologic models is the role of the physical environment, recognizing that environments themselves and people's behavior within them are shaped by social and organizational influences. In this regard, the "behavior settings" construct 12 is helpful, highlighting how physical activity can be promoted or encouraged within some environments, while made more difficult or restricted in others. 4, 6 Conceptual models to account for the influence of environmental factors on physical activity should be particularly helpful in the new public health context for physical activity, within which environmental and policy interventions are being developed and implemented. 5, 13 In new and emerging fields of preventive medicine and public health, models that help to explain behaviorenvironment relationships can play a key role in shaping the research agenda and in linking research, policy, and practice. However, in order to assess the utility of these models, the key dimensions that they identify must be measurable. While the measurement of physical activity behavior is now a well-established field, this is not the case for the measurement of physical activity environments. 4, 5 Given the rapidly developing focus in research, public policy, and practice on the role of environmental attributes in determining physical activity participation, there is the need for high-quality empirical evidence supporting environment-behavior relationships. In this context, there is a particular need to examine how environmental factors that may influence physical activity can best be assessed.
We reviewed the findings of quantitative studies examining the associations of particular environmental attributes with physical activity behaviors. Our focus was on studies of adults. Our aim was to provide a systematic overview of the measures that have been used to assess environmental attributes and to review the patterns of environment-behavior associations that have thus far been identified.
Methods
Our primary inclusion criterion was relationships between particular physical environment attributes and physical activity behaviors. Only studies that assessed some physical activity behavior or behaviors as an outcome variable or variables were included. Specific items within the assessment instruments from each study that related to the physical environment were, where possible, extracted for the purposes of this review. If a theory or construct was mentioned as guiding the study, this was noted. The specific type of physical activity behavior measured in each study was identified and, if available, the specific setting in which the behavior occurred.
Computerized searches of Psychinfo, Medline, and Cinahl were conducted in the English-language literature, using the following search terms: physical activity, exercise, environment, environmental determinants, physical environment, facilities, convenience, barriers, constraints, recreation, behavioral context, inactivity, situational factors, neighborhood, recreation, and safety.
Studies initially identified by using the search criteria totaled 33. Studies were excluded from further consideration if they were qualitative only; if they were solely descriptive in nature (e.g., reporting only frequencies of an environmental barrier); or if the physical environment items (perceived and objective) of the study could not be disentangled from psychological or social barrier items (primarily cases in which only composite scores were reported). Only those studies that measured environmental variables that could be related individually and directly to measured physical activity variables were retained. An exception was made for cases in which a small number of items assessing closely related attributes were combined; the derived variable was included in our review.
The items dealing with environmental attributes that were extracted from the papers identified in our searches were categorized by logically plausible groupings of similar items. At this early stage of research on the associations of environmental attributes with physical activity behavior, this is most appropriately a descriptive integration, rather than a theoretically based synthesis. Social cognitive theory and ecologic models point to environmental factors as potentially important influences on health-related behaviors. However, measures of environmental attributes can be seen as reflecting, only in a very broad sense, the "environmental" construct within these conceptual models. Thus, we did not attempt, formally and specifically, to identify links of the environmental variables that were measured in the studies with particular theories or specific constructs. Where studies did identify a theoretical basis or bases for their approach, this is noted in the narrative text accompanying our tables.
Results
Using the above criteria, we identified 19 studies, of which 16 examined the relationship between the perceived physical environments and physical activity. 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 Four of the studies used objective measures of the environment, including place of residence (using postal codes), physical distance, and accessibility of facilities. 29, 30, 31, 32 One study included both perceived and objective measures. 29 Twelve of the 19 studies identified an explicit theoretical basis to their research. Only one study 14 reported prospective data on the relationship of environmental variables to physical activity change.
Some studies assessed perceptions of generally defined "barriers" to starting or increasing physical activity. 15, 16, 17, 18 Others included barrier items along with items related to the existence and characteristics of physical facilities in the environment, such as the fact that they existed in participants' neighborhood or home environment or that such facilities were conveniently located. 18, 19, 20, 21, 22, 23, 24, 29 Studies using self-report measures of environmental attributes Table 1 presents the final selection of quantitative studies examining the relationship between self-report environmental factors and physical activity among adults. For each paper, the environmental items are reported along with the scale used. The type of physical activity behavior measured (and in parentheses, the specific outcome variable used in the analysis where that was different from the behavior measured) is listed. Where reported, the setting of the study is described. The earliest self-report study identified (reported by Sallis et al. 19 in 1989) examined the cross-sectional relationships of variables reflecting constructs from social learning theory (self-efficacy, modeling, and family and friend support and barriers) with vigorous exercise. Items that formed a "neighborhood environment" variable were included in their study (safety and ease of exercising in the neighborhood and frequently seeing others exercise). This variable did not emerge as a barrier to vigorous exercise. Neighborhood environment and convenience of facilities were not significantly associated with reported vigorous exercise (see Table 1 ). The strongest association with vigorous exercise in adjusted analysis was having home exercise equipment. A second study using the same items and participants 25 showed a weak association of "neighborhood environment" with walking for exercise. A subsequent prospective study with the same participants 14 found neighborhood environment, convenience of facilities, and home equipment to be predictors of change in vigorous activity over 24 months in men only. In adjusted multivariate analysis, neighborhood environment was the only significant predictor (and negatively so) of change in vigorous activity for men.
Aspects of the physical environment such as "convenience of facilities" or "lack of facilities" are items that were frequently used in these self-report studies. For example, Sallis et al. 21 found home equipment to be associated with doing strength-building exercises, and Booth et al. 22 found accessibility of local facilities to be positively associated with older adults being categorized as sufficiently physically active in their leisure time for health benefits.
Sallis et al. 21 used an explicitly identified ecologic model to develop 43 items to assess physical environment variables in college students. This study assessed the behavior settings of homes and neighborhoods, as well as the convenience of 18 physical activity facilities (whether they were on a frequently traveled route). Presence of home equipment was associated with strength-building and vigorous exercise, and convenient facilities were associated with strength-building exercise. In adjusted multivariate analysis, only home equipment was significantly associated with strength-building exercise.
Booth et al. 22 attempted to identify social cognitive and perceived environmental influences associated with physical activity in older adults. They used constructs from social cognitive theory, the theory of planned behavior, and ecologic models to inform the measurement aspects of their study. In a multivariate analysis, reported access to a park and perceiving footpaths as safe for walking were significantly associated with being categorized as sufficiently physically active for health benefits.
Sallis et al. 21 also examined perceptions of the qualitative aspects (aesthetics) of neighborhoods. They found that a neighborhood environment scale, which comprised three separate components (neighborhood features, perceived safety, and neighborhood character), was not related to any measure of physical activity. They hypothesized that the lack of association may have been because if the neighborhood is not perceived safe, convenient, and enjoyable for physical activity, then people may be active in other environments, away from the local neighborhood. Another explanation could be that the composite outcome measure used in this study may have obscured associations that would be evidenced if items were examined individually.
Ball et al. 23 used a social-ecologic framework in examining relationships of seven environmental variables with reported walking for exercise. Items were grouped as perceptions of the "aesthetic nature of the environment" (three items), the "convenience of the environment" (three items), and social environment for walking (one item). Walking for exercise data were dichotomized into "any" or "no" reported walking in last 2 weeks. Those reporting a less aesthetically pleasing and less convenient environment were less likely to report walking.
King et al. 18 examined the same neighborhood variables as Sallis et al. 21 as well as a number of specific barriers in a sample of women aged >40 years. The outcome variable was dichotomous-active or sedentary. The two environmental barriers identified (lack of a safe place to exercise and poor weather) were not related to being active. The neighborhood characteristics of hills, enjoyable scenery, and unattended dogs were found to be significantly associated with physical activity.
A study by Sternfeld et al. 15 on the physical activity patterns of ethnically diverse women aged 20 to 65 years examined occupational, sports and exercise, active living (recreational), and household/caregiving physical activities. They found that the correlates of physical activity vary by the domain under which the behavior occurs. The environmental items (lack of equipment and facilities) were significantly related only to sport and exercise activity. Table 2 summarizes the methods and findings of studies that examined objectively assessed environmental factors. The physical activity behavior measured, the outcome variable, and the behavior setting are presented if reported. Sallis et al. 31 objectively plotted the addresses of respondents and all pay-for-use and free exercise facilities in local areas onto a grid map in order to assess the density of facilities near each participant. They found significant associations between the density of neighborhood, pay-for-use exercise facilities, and frequency of exercise, but no relationship with free facilities. In the case of free facilities, these may be aspects of communities (e.g., open grass-covered areas adjacent to schools) of which many people may not be aware, may not be aware that they could use, or may not believe that it would be appropriate to use.
Studies using objectively assessed environmental measures
Postal code areas were used by Bauman et al. 30 to objectively identify place of residence of Australian adults. A respondent was categorized as a "coastal" resident if their postal code touched the coastline; those in all other postal code areas were categorized as "inland" residents. Adult respondents who lived at a coastal postal code area were 23% less likely to be inactive and 38% more likely to report vigorous exercise.
Troped et al. 29 used geographic information systems (GIS) data to create three objective environmental variables ( Table 2 ). The shortest-distance route from homes to an access point for a bikeway was inspected to determine if it intersected a busy street and whether this route crossed a steep slope grid. They compared these variables with self-reported perceptions of the same variables and found them to be correlated. Both self-report and GIS distance from the bikeway were associated with non-use of the bikeway. Self-report of having a busy street to cross and the GIS-measured steep-hills barrier was associated with bikeway non-use.
The physical environment was also assessed using geographically derived data by Giles-Corti and Donovan. 32 Spatial access (distance by road) to recreational facilities (both natural and built) was not found to be associated with activity. The authors also measured functional environment (whether the participant's street had footpaths and visible shops) and the appeal of the environment (volume of traffic and number of trees). These two variables were not associated with activity. However, unlike most of the other studies reviewed, a composite measure of all four variables demonstrated that a supportive physical environment had a significant association with the likelihood of being active.
Pattern of findings
The findings of the studies reviewed in Table 1 and Table 2 may be categorized within five sets of logical groupings: accessibility of facilities, opportunities for activity, weather, safety, and aesthetics. Safety, while not of itself an actual physical environment attribute, is plausibly related to factors in the physical environment (e.g., street lighting or the presence of sidewalks) that would affect perceptions of safety.
Findings of studies relating to accessibility of facilities, opportunities for physical activity, and the direction of these associations are summarized in Table 3 . Findings pertaining to weather, items about safety while being active, and items regarding the aesthetic nature of the physical environment and the direction of these associations are summarized in Table 4 . +, significant positive association found with physical activity; −, significant negative association found with physical activity; 0, no association found with physical activity.
a Objectively assessed by geographic information system or other objective data. +, significant positive association found with physical activity; 0, no association found with physical activity.
Overall, the majority of variables pertaining to accessibility of facilities have been found to be associated with physical activity. Specific opportunities for activity also exhibited significant associations. A relationship between home equipment and physical activity was found for most of the studies that assessed this variable. 19, 21, 25, 26 Many of the items used in the studies were worded quite similarly (e.g., "lack of facilities" and "no facility nearby"). It may be that the number of items presented in Table 3 could have been narrowed down. However, a consideration in doing so is the personal interpretation that each individual respondent may have applied to similar items. Some items are very specific; for example, "a park or beach is in walking distance," whereas "awareness of facilities" is more general and each respondent would be more likely to apply his or her idiosyncratic interpretation to what was being asked.
Few studies examined the relationship between the weather and physical activity (Table 4) . Poor weather was examined as a barrier to physical activity in two studies, but neither found a significant association.
Few of the studies that used items pertaining to "safety" reported significant associations with physical activity. "Footpaths perceived as safe for walking" was related to being active, 22 and "unattended dogs" was also related to being active, 18 presumably because those who were more active were more likely to be aware of dogs. A study of determinants on physical activity in rural and urban women aged >40 years 17 did not find significant results for any safety items in relation to physical activity. These investigators used neighborhood environment items developed by Sallis et al. 21 in their study. They found that rural women were less likely to report sidewalks, streetlights, high crime rates, and lack of a safe place to exercise, compared to urban women. Using data from selected states in the 1996 Behavior Risk Factor Surveillance System, the Centers for Disease Control and Prevention 27 in the United States found that people who perceived their neighborhood to be unsafe were more likely to be physically inactive. Significant associations emerged for aesthetics items, particularly those pertaining to the attractiveness and pleasantness of the local environment having enjoyable scenery and a friendly neighborhood.
Discussion
The associations of environmental attributes with physical activity have thus far been examined in a relatively limited set of studies. This review has examined the evidence for these relationships and highlighted relevant aspects of the measures that have been used in these studies. There were inherent difficulties, as some studies combined several physical environment items into an "overall" measure and compared that total score to physical activity behavior. Where it was possible to identify and separate the environmental items, we did so. By including only studies that examined relationship to physical activity behavior, we adhered to a quite strict criterion so that descriptive studies reporting (e.g., frequency of barrier items in a population) were not included.
In this field, many of the empirical studies have been only recently reported and the relevant theory is not yet well developed. The environmental attributes measured in the different studies are based in part on pragmatic insights and operationalized some broad theoretically derived constructs. The outcome variables used in the studies are also derived from different physical activity measures. A systematic review, providing a description of what the various studies have found and providing some preliminary classification of findings, should thus be helpful.
The labels we used in Table 3 and Table 4 are not proposed as definitive constructs. These labels portray "groupings" of environmental variables that we believe have some face validity. They potentially can be used as a descriptive jumping-off point for future research and would, we hope, be the basis for a more theoretical synthesis as the research literature in this field develops. Future research studies and theory development will undoubtedly produce a more refined and theoretically anchored set of constructs for characterizing environmental influences on different physical activity behaviors.
"Environmental influences" are currently identified within social cognitive and ecologic models of healthrelated behavior. However, the environmental component of these theories and models, while identified as important, has thus far been only broadly articulated. 4, 6, 9 We are not proposing here what could be seen as a "premature synthesis" of findings. Currently, even the most relevant theory does not provide sufficiently detailed conceptual tools for differentiating how the separate domains of environmental influences might impact on different physical activity behaviors.
Aspects of home environments were found to be associated with physical activity in cases where respondents reported having, for example, exercise videos and equipment. Aspects of the neighborhood environment were found to be associated with physical activity. The availability of, and access to, cycleways, footpaths, health clubs, and swimming pools were found to be associated with physical activity. 16, 21, 22, 28, 29 Evidence appears to be accumulating for the importance of accessibility of facilities as an important environmental factor related to physical activity.
The development of objective measures of environmental factors is an important new direction for research. The use of GIS data to create physical environment variables on roads, hills, and street addresses and other variables 29, 32 is showing some initial support for findings from self-report measures. Including GIS data in studies has considerable promise. GIS-derived measures can help to overcome some of the methodologic problems of reliance on self-reported environmental factors. 33 Although the influence of the physical environment on activity behavior was found to be weak by Giles-Corti and Donovan, 32 they found that accessibility to facilities was associated with their use. They concluded that a supportive environment would seem to be necessary, but may be insufficient on its own, to increase activity levels of populations. 32 Public health strategy to promote physical activity is now strongly emphasizing the role of environmental influences to create opportunities and remove barriers to people being more active in their daily lives. 1, 5 The studies that we have reviewed are part of an expanding corpus of new research, seeking evidence that physical activity can be influenced by environmental attributes. While the importance of such influences would seem to be self-evident, the assertive pursuit of advocacy for physical activity opportunities must be strengthened by relevant empirical evidence. With one exception, 14 the studies that we have reviewed present only cross-sectional associations of environmental attributes with physical activity behavior. Prospective and intervention studies are particularly needed so that conclusions can be drawn regarding the possible causal nature of these environment-behavior relationships.
Although "weather" items were found not to be strongly related to physical activity, it was difficult to assess their contributions because in most studies they were pooled with items related to other constructs. Studies need to incorporate the reported weather variable as a separate item. There may be some utility to wording that is more explicit about context (e.g., "it's too cold/hot to go walking"). Seasonal variation is not a fixed attribute of the environment, but a number of features-daylight hours, temperature, humidity, precipitation, and wind-may influence physical activity. We chose not to include studies of seasonal variation in our review. Two studies 34, 35 have reported that most activity was found to occur in the summer months and that this could vary by the particular activity and the individual.
The "aesthetics" or "neighborhood character" variables show promise, with significant associations emerging in the four studies that included them. Further studies are needed, perhaps including more variations on this dimension and examining it in relation to different types of activity (e.g., walking and sport participation). It is likely that there will be different environmental influences on different types of activity. 6 Findings for "safety" items, somewhat surprisingly, demonstrated few associations with physical activity. A possible explanation for the lack of association with safety is that for people who are physically active in places other than their neighborhood, neighborhood safety may not be an issue. Perhaps safety would seem to be applicable only to outdoor activity and needs to be applied in studies that only measure specific outdoor activities, not total activity. At first glance, unattended dogs being positively related to activity seems counterintuitive. On further consideration, perhaps it is only those people who are active and thus out in the street who know about the unattended dogs. A significant association was found between perceived safety from crime and physical activity behavior by the Centers for Disease Control and Prevention. 27 Safety may also need to be separated into further categories. These could include perceived safety from crime or safety from injury (e.g., lack of footpaths). Future research should explore possible gender differences in perceived safety for exercising.
When a number of physical environment variables are combined (e.g., in a "total neighborhood" measure), possible associations can potentially be obscured. In one study, 21 the variables included safety and character of the local neighborhood in a single scale and did not find a significant association with physical activity.
Twelve of the studies reviewed operationalized one or more theoretically derived constructs. Most were based on social cognitive theory or ecologic models. A common factor in these models is that they incorporate explicit environmental constructs. Overall, there would seem to be some evidence that studies based on theoretical underpinnings that are inclusive of environmental influence on physical activity would be advantageous. The origin of the physical environment scales and factors measured are sometimes not explicitly explained in the studies. Some report that the items were based on a particular theory, without any description of how they were developed. Others state that the items were based on qualitative studies or on measures reported in previous studies.
A number of the significant findings explored relationships to vigorous activity, with relatively fewer findings on moderate-intensity activities or walking. These differences contributed to the difficulty of reviewing this literature. Diverse behaviors and environments were studied, and the studies themselves used various ways of measuring these associations. Behavior-specific items need to be developed that addressand assess-attributes specific to a particular behavior in a particular context or setting. 4 Prospective studies of environmental factors as predictors of physical activity change are needed (we identified only one such study 14 ) , as are environmentally focused intervention studies. 36 If particular environmental attributes identified in cross-sectional studies are to be advocated in order to influence policy changes and large-scale environmental innovations, evidence from intervention studies is crucial. 3, 37 In light of the available evidence, we would conclude that research on environmental influences has considerable promise for the purpose of identifying significant and potentially modifiable influences on physical activity behavior.
